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COOLING DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is related to and claims priority 
from Japanese Patent Application No. 2001-8165 filed on 
January 16, 2001, the contents of which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 
The present invention relates to a cooling device 
for cooling a heat-generating element by movement of latent 
heat based on boiling and condensation of refrigerant. 

BACKGROUND OF THE INVENTION 

In order to cool elements for an electronic unit 
such as computer chips, air-cooling fins made of aluminum and 
the like have frequently used. However, since the heat- 
generating amount has been increasing year after year with 
improvement in performance of those elements, the air-cooling 
fins have become difficult to cope with them. 

Thus, there has been developed a cooling device 
which transmits heat of those elements to refrigerant to cool 
those elements by means of movement of latent heat based on 
the boiling and condensation of the refrigerant. 

An example of a cooling device using the refrigerant 
has been disclosed in, for example, Japanese Patent 
Application Laid-Open No. 10-308486 . The cooling device 
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disclosed in this official gazette includes, as shown in Fig. 
7, a refrigerant container 100 constructed by stacking a 
plurality of sheets of plates, and radiating fins 110 mounted 
to the refrigerant container 100 so as to contact a radiating 
surface thereof. 

The above-described cooling device is capable of 
coping with various cooling capacity by increasing or 
decreasing a number of sheets of the plates constituting the 
refrigerant container 100 to thereby change the height of the 
refrigerant container 100. However, since the surface area of 
the plates is constant, it is difficult to change the shape of 
the radiating fins 110 extensively even if the capacity of the 
refrigerant container 100 is changed. More specifically, in 
the radiating fins 110 shown in Fig. 7, an extrusion 
production of aluminum is generally used. Accordingly, in 
order to change the shape of the radiating fins 110, the need 
for designing a new extrusion die arises, resulting in very 
high cost. 

Although it is comparatively easy to change the 
height of the refrigerant container 100, when the heat 
receiving area and the radiating area are greatly changed 
according to the number of heat-generating elements 120 or the 
heat-generating amount thereof, the need for changing the 
basic size of the plates arises. Therefore, expense required 
for a press die for manufacturing the plates will become 
expensive. 

As another example of the previously known cooling 
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devices, there is also known a cooling device 500, as shown in 
Fig. 26, that includes a refrigerant container 510, and a 
radiating core portion 52 0 having tubes 54 0 connected to the 
refrigerant container 510 and a header tank 560 connected to 
the other side ends of the tubes 540. The refrigerant 
container 510 and the header tank 560 are constructed of 
plural sheets of stacked plates, and are connected by- 
inserting a member into apertures formed in the plates. 



refrigerant-side cooling capability to be adjusted by pressure 
loss of refrigerant passing through each tube 540, and air- 
side cooling capability to be adjusted by flow resistance of 
air passing through a radiating core portion 520 is set, so 
that the radiating capability of the cooling device 500 is 
adjusted. As one of means for adjusting the pressure loss of 
the refrigerant and the air-flowing resistance, an interval of 
the tubes 540 can be changed. However, in order to change the 
interval of the tube 540, it is necessary to change also the 
number of apertures in the plates, into which tubes 54 0 are to 
be inserted. For this reason, expense required for a press 
die for manufacturing the plates becomes expensive with the 
number change of apertures in the plates. 



refrigerating container 510 and the header tank 560 are made 
to be close to each other or if the interval of the tubes 540 
is narrow, it is difficult to insert the assembling jig. 
Particularly, in order to assemble the tube 54 0 positioned at 



In the cooling device 500, a balance between 



Further, in the cooling device 500, if the 



the central part of the radiating core portion 520, a 
complicated operation will be needed. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in view of 
the above-described problems, and is aimed to provide a 
cooling device capable of changing the size easily and at low 
cost in accordance with necessary cooling capacity. 

In a cooling device according to the present 
invention, plural unit plates having the same shape are 
stacked in a plate-thickness direction, and are sandwiched 
between the two outer plates . On the surface of one outer 
plate among the two outer plates, radiating fins having the 
substantially same width as the unit plate are disposed. When 
refrigerant vapor boiled and vaporized by heat from a heat- 
generating element flows in slits provided on each unit plate, 
heat of the refrigerant vapor is radiated from the one outer 
plate to the outside through the radiating fins. Relative to 
the two outer plates, two or more sheets of the unit plates 
are arranged in parallel. Further, with respect to one outer 
plate, radiating fins are arranged in parallel by the number 
corresponding to the unit plates arranged in parallel. 

According to this structure, it is possible to 
readily increase or decrease the number of the unit plates 
arranged in parallel relative to the outer plates, and the 
number of the radiating fins, in accordance with the necessary 
cooling capacity. Even when the size of the cooling device 



changes, common components can be used without the need for 
changing the shape of the unit plate and radiating fins. 
Therefore, it is possible to greatly reduce the component 
manufacturing cost, and to easily change the size of the 
cooling device. 

Preferably, the size of the header is changed in 
accordance with the number of the unit plates arranged in 
parallel on the two sheets of outer plates. For this reason, 
it is possible to easily secure necessary cooling performance. 

The cooling device includes a boiling unit for 
storing therein liquid refrigerant, and a condensation unit 
for condensing refrigerant vapor boiled and vaporized in the 
boiling unit. The heat-generating member is attached on a 
surface of the boiling unit. The condensation unit is 
constructed by stacking plural sheets of the unit plates 
between the two sheets of the outer plates, and the boiling 
unit and the condensation unit are coupled together through a 
pipe. Accordingly, it is easy to change the size of the 
condensation unit, and it is possible to easily change the 
radiating performance by the change of the size. Since the 
boiling unit and the condensation unit are coupled together 
through the pipe, it is also possible to change the radiating 
performance by changing the number of pipes. 

A cooling device according to the present invention 
includes a plurality of tubes inside which refrigerant passes, 
a refrigerant container in which refrigerant is sealed, and a 
header tank. The heat-generating element is mounted on a 
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surface of the refrigerant container, and one side ends of the 
tubes communicates with the refrigerant container. The other 
side ends of the tubes are connected to the header tank to be 



refrigerant within the refrigerant container is boiled and 
vaporized by the heat from the heat-generating element, and 
flows into the tubes to perform heat-exchange with the outside 
air. A core unit has a tube group consisting of the tubes 
arranged in parallel, and unit plates in which both side ends 
of the tube group are inserted respectively. Here, each of 
the unit plates is suitable for the size of each tube group. 
In the cooling device, a plurality of the core units are 
arranged in accordance with a necessary cooling capacity. 



units is changed or core units having different cooling 
performance are combined, so that it is possible to easily 
adjust the cooling performance. Since the tubes constituting 
each core plate are arranged in parallel, it is easy to insert 
a jig between both tubes, and there is no need for any 
complicated assembling operation. Particularly, according to 
the present invention, the plural core units in which the 
tubes are installed to the unit plates are arranged to 
construct the cooling device. Therefore, no complicated 
operation is needed to install the tube at the central part of 
the cooling device even if the tube interval is narrow or 
plural core units having different tube intervals are 
combined. 



communicated with each other. 



In this cooling device, 



According to this structure, the number of the core 
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Preferably, the tube at the outermost side in the 
tube group in a tube-laminating direction, has an insert to be 
inserted into the unit plate. For this reason, it is possible 
to fix the unit plate and the unit plate by the insert, and to 
prevent the tubes from being removed during transportation and 
others . 

Among the flat plate members, a flat plate member 
arranged on the outermost side has a pawl, and the plural flat 
plate members are fixed by the pawl. Thereby, plural sheets 
of plates stacked in order to constitute the refrigerant 
container or the header tank can be fixed by using the pawl. 

Each of the fins has a plate-like base portion 
extending in an air-flowing direction, and a wall portion bent 
from the base portion which abuts against the wall surfaces of 
the tubes. In addition, the fins are stacked in a tube- 
longitudinal direction. By inserting the fins in the air- 
flowing direction, the fins can be readily installed between 
the tubes and there is no need for any complicated operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an exploded perspective view of a 

radiating unit (a condensation unit and radiating fins) 

according to a first embodiment; 

Fig. 2 is a perspective view of the radiating unit 

according to the first embodiment in an assembled state; 

Fig. 3 is a perspective view showing a general shape 

of a cooling device according to the first embodiment; 
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Fig. 4 is a perspective view showing a general shape 
of a cooling device according to a second embodiment; 

Fig- 5 is a perspective view showing a general shape 
of a cooling device according to a third embodiment; 

Fig. 6 is a perspective view showing a general shape 
of a cooling device according to a fourth embodiment; 

Fig. 7 is a perspective view showing a general shape 
of a conventional cooling device; 

Fig. 8 is a substantially front view of a cooling 
device according to a fifth embodiment; 

Figs. 9A to 9F are front views each showing a shape 
of a plate constituting a refrigerant container and a header 
tank according to the fifth embodiment; 

Fig . 10 is a perspective view of a core unit 
according to the fifth embodiment; 

Figs. 11A and 11B are views for explaining an 
assembling method of the core unit according to the fifth 
embodiment, where Fig. 11A shows a state in which the core 
unit is installed to the refrigerant container, and Fig. 11B 
shows a state in which the header tank is installed to the 
core unit; 

Fig. 12A is a substantially front view of a cooling 
device according to a modification of the fifth embodiment, 
and Figs.l2B and 12C are perspective views each showing a core 
unit to be installed to the cooling device of Fig. 12A; 

Figs. 13A and 13B are substantially front view each 
showing a core unit according to a modification of the fifth 
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embodiment ; 

Fig. 14 is a substantially front view of a cooling 
device according to a modification of the fifth embodiment; 

Figs. 15A, 15B and 15C are views according to a 
modification of the fifth embodiment, where Fig. ISA shows a 
state in which the core unit is installed to the refrigerant 
container, Fig. 15B shows a state in which the header tank is 
installed to the core unit, and Fig. 15C is an essential 
cross-sectional view of the present modification; 

Fig. 16A is a perspective view of a core unit 
according to a sixth embodiment, and Fig. 16B is a 
substantially cross-sectional view of a cooling device 
according to the sixth embodiment; 

Fig. 17A is a view showing a cooling device 
according to a seventh embodiment when being viewed from a 
direction substantially perpendicular to an air-flowing 
direction, and Fig. 17B is a view of the cooling device 
according to the seventh embodiment when being viewed from the 
air-flowing direction; 

Fig. 18 is a plan view showing a plate in the 
seventh embodiment; 

Fig. 19A is a perspective view showing a core unit 
according to an eighth embodiment, and Fig. 19B is a schematic 
diagram showing an assembling method of the cooling device in 
the eighth embodiment; 

Fig. 2 0 is a perspective view showing a cooling 
device according to a ninth embodiment; 
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Fig. 21 is a cross-sectional view taken on line XXI- 
XXI of Fig. 20; 

Fig. 22 is a cross-sectional view taken on line 
XXII-XXII of Fig. 20; 

Fig. 2 3 is a perspective view showing a fin 
according to the ninth embodiment; 

Fig. 24A is a side view of a cooling device 
according to a tenth embodiment when being viewed from a 
direction substantially perpendicular to the air-flowing 
direction, and Fig. 24B is a side view of the cooling device 
according to the tenth embodiment when being viewed from the 
air-flowing direction; 

Fig. 25 is a perspective view showing a part of a 
fin according to the tenth embodiment; and 

Fig. 2 6 is a perspective view showing a general 
shape of a cooling device according to the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Next, with reference to the drawings, plural 

embodiments according to the present invention will be now 

described. 

(First Embodiment) 

Fig. 1 is an exploded perspective view of a 

radiating unit (a condensation unit 4 and radiating fins 5), 

and Fig. 2 is a perspective view of the radiating unit in an 

assembled state. 

A cooling device 1 according to the present 
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embodiment is used to cool a heat-generating element (not 
shown) by movement of latent heat based on boiling and 
condensation of refrigerant. As shown in Fig. 3, the cooling 
device 1 is constructed by a boiling unit 2 on which the heat- 
generating element is mounted, a condensation unit 4 to be 
coupled to this boiling unit 2 through a pipe 3 (3A, 3B), and 
radiating fins 5. In this respect, the condensation unit 4 
and the radiating fins 5 are assembled as shown in Fig. 2 to 
constitute a radiating unit. 

Since material to be used for the boiling unit 2, 
the condensation unit 4 and the pipe 3 (3A, 3B) is, for 
example, aluminum, this cooling device 1 is manufactured by 
integral brazing after each unit is assembled. 

The boiling unit 2 is a thin box-shaped container. 
A heat-generating element (e.g., computer chips) is mounted 
onto the surface of the boiling unit 2, and liquid refrigerant 
that is boiled and vaporized by heat from the heat-generating 
element is stored within. On the top surface and the bottom 
surface of the container forming the boiling unit 2, mounting 
holes (not shown) for mounting the pipe 3 respectively are 
opened. 

The pipe 3 includes a vapor pipe 3A for sending 
refrigerant vapor obtained by boiling and vaporizing in the 
boiling unit 2 to the condensation unit 4, and a condensation 
pipe 3B for returning liquid refrigerant cooled and condensed 
in the condensation unit 4 into the boiling unit 2. 

As shown in FIG. 1, the condensation unit 4 is 
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constructed by plural sheets of unit plates 6, two sheets of 
outer plates 7 (7A, 7B), and a pair of headers 8 (8A, 8B) . 

In each unit plate 6, as shown in Fig. 1, a 
plurality of slits 6a constituting a condensation passage are 
opened to extend in the longitudinal direction of the plate 
(up-down direction of Fig. 1). Between the two outer plates 
7, plural unit plates 6 are superimposed in the direction of 
plate thickness, and two or more sheets (three sheets in Fig. 
1 ) are also arranged in parallel in the direction of the 
plane. Each of the two outer plates 7 is provided to have the 
substantially same size as the general shape of these three 
sheets of unit plates 6 arranged in parallel. One outer plate 
7A is connected to the radiating fins 5. 

On the other outer plate 7B, at both end portions of 
the plate which correspond to the longitudinal direction of 
the unit plate 6 as shown in Fig. 1, there are provided six 
apertures 9 in total at three places each. The apertures 9 
communicate to both end portions of slits 6a formed on the 
unit plates 6, and are provided correspondingly every three 
sheets of the unit plates 6 arranged in parallel. 

In the following description, three apertures 9 
opened at the upper end portion of the other outer plate 7B 
are referred to as vapor inlets 9a respectively, and three 
apertures 9 opened at the lower end portion of the other outer 
plate 7B are referred to as liquid outlets 9b respectively. 

The header 8 includes a vapor-side header 8A for 
communicating with each of the above-described vapor inlets 




9a, and a liquid-side header 8B for communicating with each of 
the liquid outlets 9b. At the central parts of the vapor-side 
header 8A and the liquid-side header 8B, there are opened 
mounting holes 8a, 8b for mounting the pipe 3 <3A, 3B) . The 
radiating fins 5 are, for example, extruded by aluminum. On 
a base 5a of the radiating fin 5, a plurality of radiating 
plates 5b are provided so as to stand upright at regular 
intervals. These radiating fins 5 are provided such that the 
width of the base 5a becomes substantially equal to the width 
of the unit plate 6, and are arranged in parallel on the one 
outer plate 7A as in the arrangement of the unit plates 6 . 

Next, an operation according to the present 
embodiment will be now described. 

Refrigerant vapor that has boiled and vaporized by 
receiving heat from the heat-generating element in the boiling 
unit 2 flows into the vapor-side header 8A through the vapor 
pipe 3A, and flows into the slits 6a in each unit plate 6 
through the vapor inlets 9a. The refrigerant vapor flowing 
into each slit 6a radiates heat for condensation while flowing 
downward by gravity. After flowing into the liquid-side 
header 8B through the liquid outlets 9b, the refrigerant 
liquid flows back into the boiling unit 2 through the 
condensation pipe 3B. 

The heat-generating element is cooled by the 
movement of latent heat based on boiling and condensation of 
the refrigerant, and condensation latent heat of the 
refrigerant is radiated to the atmosphere from the one outer 
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plate 7A through the radiating fins 5. 

The condensation unit 4 according to the first 
embodiment is provided with two or more sheets of unit plates 

6 arranged in parallel between the outer plates 7 . On the one 
outer plate 7A, radiating fins 5 are disposed so as to be 
arranged in parallel. 

Therefore, by increasing or decreasing the number of 
the unit plates 6 arranged in parallel with the outer plates 

7 and the number of the radiating fins 5, it is possible to 
easily change the constitution (size) of the radiating unit 
(condensation unit 4 and radiating fins 5) in accordance with 
the necessary cooling capacity. In this case, since there is 
no need for changing each shape of the unit plate 6 and the 
radiating fins 5 to be used, but common components can be 
used, an extrusion die for forming each radiating fin 5 and a 
press die for manufacturing each unit plate 6 can be used in 
common, and the component manufacturing cost can be reduced by 
a large amount. 

When the radiating fins 5 are formed by extrusion, 
the die cost can be reduced because a narrow extrusion die can 
be used. 

(Second Embodiment) 

Fig. 4 is a perspective view showing a general shape 
of the cooling device 1 . 

In the cooling device 1 according to the second 
embodiment, a plurality of vapor pipes 3A or condensation 
pipes 3B are used to couple the boiling unit 2 to the 



condensation unit 4. 

By using three vapor pipes 3A, for example, as shown 
in Fig. 4, it is possible to make a flow of the refrigerant 
vapor flowing out from the boiling unit 2 smoother. 
Therefore, the refrigerant circulation can be favorably 
performed in the cooling device 1 to improve the heat 
dissipation performance. 
(Third Embodiment) 

Fig. 5 is a perspective view showing a general shape 
of a cooling device 1 of the third embodiment. 

In the cooling device 1 according to the third 
embodiment, two sheets of outer plates 7 and plural sheets of 
unit plates 6 are stacked to thereby form a hermetically- 
sealed refrigerant container 10. Specifically, the structure 
of the refrigerant container 10 is formed such that within 
this refrigerant container 10, boiling and condensation of 
refrigerant is repeated. In other words, the structure of the 
condensation unit 4 described in the first embodiment is 
applied to the refrigerant container 10. 

In this respect, as in the first embodiment, a 
plurality of radiating fins 5 are arranged in parallel onto 
the one outer plate 7A. On the surface of the other outer 
plate 7B of the refrigerant container 10, a heat-generating 
element (not shown) is attached. 

Even in the third embodiment, the number of the unit 
plates 6 to be arranged in parallel with the outer plate 7 is 
increased or decreased, whereby it is possible to easily 
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change the constitution (size) of the refrigerant container 10 
in accordance with the necessary cooling capacity, and to 
easily change also the number of the radiating fins 5. 

In this case, since there is no need for changing 
the shape of each unit plate 6 and each radiating fin 5 to be 
used, but common components can be used, an extrusion die for 
forming the radiating fins 5 and a press die for manufacturing 
the unit plates 6 can be used in common. Accordingly, the 
component manufacturing cost can be greatly reduced. 
(Fourth Embodiment) 

Fig. 6 is a perspective view showing a general shape 
of a cooling device 1 . 

The cooling device 1 according to the present 
embodiment is an another example in which a refrigerant 
container 10 of hermetically-sealed structure is formed by 
stacking two sheets of outer plates 7 and plural sheets of 
unit plates 6 as in the third embodiment. 

However, the refrigerant container 10 is constructed 
such that four sheets of unit plates 6 are arranged in 
parallel with two sheets of outer plates 7 and four radiating 
fins 5 are disposed to be arranged in parallel. 

According to this structure, it is also possible to 
divide each of the vapor-side header 8A and the liquid-side 
header 8B into two parts as shown in Fig. 6. In this case, 
common components can be used even if the number of the 
headers 8 is increased. 

As in the third embodiment, the number of the unit 
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plates 6 arranged in parallel relative to the two sheets of 
outer plates 7 and the number of the radiating fins 5 are 
increased, whereby it is possible to easily enlarge the 
constitution (size) of the cooling device 1 in accordance with 
the necessary cooling capacity. 
(Fifth Embodiment) 

Fig. 8 is a side view showing a general shape of a 
cooling device. 

The cooling device according to the fifth embodiment 
shown in Fig. 8 is constructed by a refrigerant container 20 
in which a refrigerant chamber with a predetermined amount of 
refrigerant sealed therein is formed, and a radiating core 
portion 3 0 for dissipating heat of the refrigerant sealed 
within the refrigerant container 20. One end of the radiating 
core portion 30 is connected to the refrigerant container 20. 
The radiating core portion 30 includes a plurality of flat 
tubes 80 communicating with the interior of the refrigerant 
container 20, a header tank 90 to which the other ends of the 
plurality of tubes 80 are connected, for communicating with 
each tube 80, and radiating fins 101 arranged between adjacent 
the tubes 80 for thermally contacting the tubes 80. 

Each of the tubes 80 is a flat tube, and a tube 
group 80A is formed by a plurality of (e.g., 16 in the present 
embodiment) tubes 80 arranged in a row such that their flat 
surfaces become substantially parallel with one another. A 
plurality of (e.g., 5 in the present embodiment) tube groups 
80A are arranged in parallel. The radiating fins 101 are 



well-known corrugated fins, and are used to enlarge the 
radiating area. 

The refrigerant container 20 is a laminated 
structure constructed by superimposing plural sheets (e.g., 6 
in the present embodiment) of the plates 60. Six sheets of 
plates 60 (See Figs.9A to 9F) constituting the refrigerant 
container 20 are press materials obtained by press-cutting, 
for. example, an aluminum plate or a stainless steel plate 
using a press die. These six sheets of the plates 60 are 
constructed by a core plate (radiating plate) 60A arranged at 
the outside of the refrigerant container 20 and connected to 
the tubes 80, a heat receiving plate 60B arranged at the 
outside of the refrigerant container 20 so that a heat- 
generating element 4 0 is fixed thereon, and intermediate 
plates 60C to 60F sandwiched between the core plate 60A and 
the heat receiving plate 60B. 

On the radiating plate 60A (core plate) shown in 
Fig. 9A, apertures 60a communicating with the tubes 80 are 
provided. The core plate 60A is constructed by plural sheets 
of unit plates 600 described later. 

On the intermediate plate 60C shown in Fig. 9B, 
there are formed a plurality of apertures 60c, each 
communicating to the aperture 60a of the core plate 60A. On 
the intermediate plate 60D shown in Fig. 9C, there are formed 
a plurality of apertures 60d, each communicating to the 
aperture 60c. On the intermediate plate 60E shown in Fig. 9D, 
a plurality of slit-shaped apertures 60e are formed over the 



substantially entire surface in a vertical direction (a 
direction perpendicular to the longitudinal direction of the 
intermediate plate 60E). On the intermediate plate 60F shown 
in Fig. 9E, a plurality of slit-shaped apertures 60f are 
formed over the substantially entire surface in a lateral 
direction (longitudinal direction of the intermediate plate 
60F) . 

The core plate 60A, the heat receiving plate 60B, 
and the intermediate plates 60C - 60F are stacked, so that the 
apertures 60a and 60c to 60f communicate with each other to 
form the space within the refrigerant container 20. 

The header tank 9 0 is a laminated structure 
constructed by superimposing plural sheets of plates 60. 
Since it is the same as the refrigerant container 20 in 
detailed structure, the detailed description of the structure 
of the header tank 90 will be omitted. 

The core plate 60A is constructed by two or more 
sheets of (e.g., 5 in the present embodiment) unit plates 600 
arranged in parallel in the planar direction. Each of the 
unit plates 600 for forming the core plate 60A has a size for 
connecting the tubes 80 in one tube group 80A. 

The unit plate 600 on the refrigerant container 20, 
the tubes 80 in the one tube group 80A, the radiating fins 101 
arranged between the tubes 80, and the unit plate 600 on the 
header tank 90, are assembled together to constitute the core 
unit 300 as shown in Fig. 10. 

The heat receiving plate 60B and the intermediate 



plates 60C to 60F have size substantially equal to the general 
shape of five sheets of unit plates 600 arranged in parallel, 
and they are stacked to constitute the refrigerant container 
20. As shown in Fig. 11A, above the heat receiving plate 60B 
5 and the intermediate plates 60C - 60F, a plurality of the core 

units 300 are installed. Further, the core plate 60B and the 
intermediate plates 60C - 60F of the header tank 90 are 
assembled above the core units 300, whereby the cooling device 
is assembled. After the cooling device is assembled in this 

10 manner, the cooling device is integrally brazed in, for 

example, vacuum atmosphere - 

In this respect, in an area opposite to a borderline 
between the core unit 300 and the core unit 300 of the 
intermediate plate 60C, that is, a clearance between the unit 

15 plates 600 adjacent to each other, there is provided a seal 

portion 60b shown in FIG. 9B for sealing this clearance. The 
seal portion 60b prevents the refrigerant sealed within the 
refrigerant container 20 from leaking to the outside through 
the clearance between the unit plates 600 adjacent to each 

2 0 other. 

Subsequently, an operation according to the fifth 
embodiment will be now described. 

In the cooling device according to the fifth 
embodiment, as shown- in Fig. 8, the heat-generating element 4 0 
25 is arranged below the refrigerant container 20, and the 

radiating core portion 30 is arranged above the refrigerant 
container 20. 
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The refrigerant stored in the refrigerant container 
20 is boiled and evaporated by heat from the heat-generating 
element 40, and flows into the header tank 90 through tubes 80 
arranged in an area in which the heat-generating element 4 0 is 
mounted, and in its vicinity. The refrigerant vapor flowing 
into the header tank 90 is cooled and condensed while 
spreading within the header tank 90. Condensed liquid 
refrigerant flows back to the refrigerant container 2 0 through 
other tubes 80 (i.e., tubes 80 arranged in the outside of the 
range in which the heat-generating element 4 is mounted) . 
Thus, the heat of the heat-generating element 40 is 
transmitted to the refrigerant, and is transported to the 
radiating core portion 30. While the refrigerant vapor 
condenses in the radiating core portion 30, the heat is 
dissipated as latent heat of condensation, and is dissipated 
into the outside air through the radiating fins 101. 

In the fifth embodiment, since the core plate 60A is 
constructed by the plural unit plates 600, the radiating core 
portion 30 can be divided into a plurality of the core units 
300 for each tube group 80A. With such construction, by 
combining the core units 300 different from each other, it is 
possible to easily change the heat dissipation performance of 
the radiating core portion 30 in accordance with the necessary 
amount of heat dissipation. Specifically, in a cooling device 
as shown in Fig. 12A, a core unit 3 00b (See Fig. 12B) without 
radiating fin 101 can be disposed at the central part of the 
radiating core portion 30, and core units 3 00a (See Fig. 12C) 
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with the radiating fins 101 can be disposed at both sides of 
the core unit 300b. With such combination, it is possible to 
adjust a flow resistance of cooling air in the entire cooling 
device shown in Fig. 12A. 

Core units 300c, 300d having different tube pitches 
respectively shown in Figs.l3A and 13B are combined, whereby 
it is also possible to adjust pressure loss of refrigerant. 
Further, as shown in Fig. 14, it is possible to have 
construction in which the capacity of the refrigerant 
container 20 is locally made larger through the use of a core 
plate 60A having a protruding portion 61 only for a core unit 
300e arranged in the vicinity of the heat-generating element 
40. With such construction, it is possible to increase an 
amount of refrigerant passage in the vicinity of the heat- 
generating element 40, and it is possible to cool a heat- 
generating element having larger heat-generating amount. 

Particularly, in the present embodiment, in order to 
install the core unit 300 to the refrigerant container 20 and 
the header tank 90 after assembling the core plate 600, the 
tubes 80 and the fins 101 as the core unit 300, there is no 
need for any special jig, but the fin 101 can be easily 
installed between the tubes 80. 

Since the tube group 80A, in which flat surfaces of 
the tubes 80 are arranged so as to become substantially 
parallel, is used for one core unit 300, the fins 101 can be 
easily installed between the tubes 80 in the tube group 80A. 

In this respect, in the above-described embodiment, 
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each of the refrigerant container 20 and the header tank 90 is 
a laminated structure. However, as shown in FIGS. 15A-15C, 
each of the refrigerant container 20 and the header tank 90 
may be made into a hollow-body. When the refrigerant 
container 20 and the header tank 90 are formed into a hollow- 
body respectively, at the open-ended edge of the refrigerant 
container 20 and the header tank 90, a step portion 2 0a can be 
formed as shown in Fig. 15C. In this case, the edge portion 
of the core plate 60A is formed to contact the step portion 
20a. Because the step portion 20a is formed at the open-ended 
edge of the refrigerant container 20 and the header tank 90 as 
described above, an assembling position of the core unit 300 
can be readily determined. All core units 300 of the 
radiating core portion 3 0 can be formed by a construction in 
which no radiating fin 101 is arranged between the tubes 80. 
(Sixth Embodiment) 

In the fifth embodiment, the description has been 
made of the cooling device using the core unit having the 
radiating plate, the tube and the fin. However, in the sixth 
embodiment, a core unit 300f, in which an insert 62 is 
provided at the outermost tube 80 as shown in Figs.l6A and 
16B, can be used. The insert 62 is a plate-shaped member made 
of, for example, aluminum plate or stainless steel plate, and 
both end portions thereof are inserted into apertures formed 
in the core plates 60A. On the intermediate plates 60C - 60F 
to be assembled to the core unit 3 00f, apertures through which 
both end portions of the insert 62 are inserted are formed. 
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The end portions of the insert 62 are inserted into this 
apertures, so that the position of each plate 60C to 60F is 
set . 

In the present embodiment, because both sides of the 
core unit 300f are fixed by the inserts 62, it can prevent the 
tubes 8 0 from being removed from the core plate 60A during 
transportation of the core unit 300f, for example, during 
assembling . 
(Seventh Embodiment) 

As shown in Figs. .17A, 17B and 18, in the seventh 
embodiment, among the plates 6 0 constituting the refrigerant 
container 20 and the header tank 90, a heat receiving plate 
6 OB arranged outermost is provided with a pawl portion 63, and 
the other plates 60A, 60C - 60F are fastened and fixed by the 
pawl portion 63. In the assembling of the cooling device, the 
core plates 60A and the intermediate plates 60C - 60F 
laminated to each other are caulked and fixed by the pawl 
portion 63, and therefore, brazing can be readily performed 
without using any special fixing jig. 
(Eighth Embodiment) 

For a tube group constituting the core unit 300, 
tubes 80 arranged in parallel in the same direction as the 
air-flowing direction as shown in Figs.l9A and 19B are used as 
one tube group 80B, and the tube group 80B can be used to form 
a core unit 300g of the eighth embodiment. 
(Ninth Embodiment) 

In the above-described embodiments, the wave-shaped 
-24- 
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corrugate fins are used as the radiating fins. However, in 
the ninth embodiment, fins formed by bending plate material in 
a U-shape as described later can be used. 

Fig. 2 0 is a perspective view of a cooling device 
according to the ninth embodiment, Fig. 21 is a cross- 
sectional view taken on line XXI-XXI of Fig. 20, and Fig. 22 
is a cross-sectional view taken on line XXII-XXII of Fig. 20. 
Fig. 23 is a perspective view of a radiating fin according to 
the ninth embodiment. The cooling device is constructed by 
the refrigerant container 20 and the radiating core portion 3 0 
as shown in Fig. 20. In this respect, portions identical to 
those in the fifth embodiment are designated by the identical 
reference numerals, and detailed description thereof will be 
omitted . 

The refrigerant container 20 is constructed by 
plural sheets of (e.g., four sheets in the present embodiment) 
plates 60 stacked. Among the plates 60, a plate arranged on 
the side of the radiating core portion 30 is a core plate 60A 
which consists of plural sheets of unit plates 600 arranged in 
parallel in the planar direction. On each unit plate 600, 
there is provided apertures (not shown) into which one side 
ends of the tubes 80 are inserted. Among the plates 60, the 
outermost (below in Fig. 20) plate is a heat receiving plate 
60B. At the central part of the bottom surface of the heat 
receiving plate 60B, a heat-generating element (not shown) is 
attached. Plates to be arranged between the core plate 60A 
and the heat receiving plate 60B are intermediate plates 60C, 



± o o H-:j^3,, m « o Hm«$ o e 

60D. Apertures (not shown) for communicating with the tubes 
80 are provided in the intermediate plates 60C, 60D. 

The header tank 90 arranged above the tubes 80 is 
constructed by plural sheets (e.g., three sheets in the 
present embodiment) of plates 60 stacked. Among the plates 
60, a plate arranged on the side of the refrigerant container 
20 is a core plate 60A which consists of plural sheets of unit 
plates 600 arranged in parallel in the planar direction. Each 
unit plate 600 has apertures (not shown) into which the other 
side ends of the tubes 80 are inserted. 

A fin 102 made of a plate material has a base 
portion 102a extending in the width direction (i.e., the same 
direction as the air-flowing direction) of the radiating core 
portion 30, a wall portion 102b bent substantially 
perpendicularly from the base portion 102a to contact the wall 
surface of the tube 80 and to be brazed thereto, and a bent 
portion 102c substantially perpendicularly bent from the wall 
portion 102b. The base portion 102a extends substantially 
over the whole length in the air-flowing direction of the 
radiating core portion 30. The base portion 102a has an 
upstream-side wall portion for abutting against the tube 80 on 
the most upstream air side, and a downstream-side wall portion 
111b for abutting against the tube 80 on the most downstream 
air side. A part of the base portion 102a of the fin 102, on 
the vicinity of the wall portion 102b, is cut to be raised, to 
form a louver 102d which improves the heat dissipation 
performance . 
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The fin 102 is installed by inserting it between the 
tube 80 and the tube 80 adjacent to each other, and is stacked 
in the longitudinal direction of the tubes 80. At this time, 
the bent portion 102c and the base portion 102a of the fins 
102 to be stacked upwardly abut against each other. A 
predetermined interval is given between the base portions 102a 
of the fins 102, to define an air passage through which air 
passes . 

As described above, in the present embodiment, since 
the base portion 102a of the fin 102 extend over the 
substantially whole length of the radiating core portion 3 0 in 
the air-flowing direction, the fin 102 is inserted between the 
adjacent tubes 80, whereby the installation of the fin 102 can 
be made and the assembling operation can be more easily 
performed than in the conventional construction. Since a 
plurality of the fins 102 are stacked at predetermined 
intervals in the longitudinal direction of the tube 80, when 
the fins 102 are assembled to the radiating core portion 30, 
an amount of protrusion of the tube 80 with respect to the 
core plate 60A can be set by the height of the stacked fins 
102. 

In addition, the bent portion 102c of the fin 102 
arranged at the highest position and the core plate 60A on the 
header tank 90 abut against each other, and the base portion 
102a of the fin 102 arranged at the lowest position and the 
core plate 60A on the refrigerant container 20 abut against 
each other. Therefore, the root of the tube 80 can be held 




!,:0 O «4- « 040 9 O EH 

during brazing. Further, even if there is a clearance between 
the aperture of the core plate 60A and the tube 80, it is 
possible to supply brazing material from the fins 102, and it 
can prevent the root of the tube 80 from being improperly 
brazed - 

In this respect, in the above-described embodiment, 
the base portion 102a is provided with the louver 102d. 
However, a fin without any louver may be used- In the above- 
described embodiment, all wall portions 102b formed on the 
base portion 102a are brazed to the wall surface of the tube 
80 for abutting. However, the tube wall surface in the 
vicinity of the central part of the radiating core portion is 
not brazed to the wall portion of the fin, while the wall 
surface of the tubes in the side part of the radiating core 
portion is brazed to the wall portion of the fin. 
(Tenth Embodiment) 

In the tenth embodiment, a plate fin is used as a 
radiating fin. Figs.24A and 24B are views showing a cooling 
device according to the present embodiment. Fig. 24A is a 
view when being viewed from a direction substantially 
perpendicular to the air-flowing direction, and Fig. 24B is a 
view when being viewed from the air-flowing direction. Fig. 
25 is a perspective view showing a part of fins applicable to 
the present embodiment. In this respect, portions identical 
to those in the fifth embodiment are designated by the 
identical reference numerals, and detailed description will be 
omitted. 
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The tube 80 are inserted into plural plate fins 103. 
The plate fin 103 has an aperture 103a into which the tube 80 
is inserted, and a raised portion 103b is used as a louver. 
This raised portion 103b has a height to abut against a plate 
fin 103 stacked adjacent, and is used as an interval retaining 
member for retaining the interval between the plate fins 103. 

According to the tenth embodiment, the interval 
between the adjacent plate fins 103 can be maintained by using 
the raised portion 103b without using any assembling jig. 
Therefore, it is capable of improving the work efficiency in 
the assembling operation. 



